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LETTERS TO THE EDITOR
Heart Rate Variability: Disagreement on the
Markers of Sym
Parasympathetic Activities
In their recent investigation on heart period variability in healthy
trained and untrained young men, Goldsmith et al . (1) conclude that
"24-h low frequency power is primarily parasympathetically and not
sympathetically mediated ." However, this conclusion is not exam-
ined against a diverging view resulting from experimental studies
(2-4) to which our research group has also contributed (5-9) and
accordirg to which increases in the low frequency component
indicali in enhancement of sympathetic activity to the sinoatrial
node. Ate therefore believe that some comments are indicated both
on the technique and on the interpretation offered to the readers .
Beat by beat interval variability is thought to contain both
oscillatory and nonoscillatory components . Oscillatory components
are centered at approximately the frequency of respiration diigh
frequency) and of the vasomotor (Mayer) waves (low frequency)
(5-9). Cross-spectral techniques indicate a strong correlation be-
tween RR interval and arterial pressure variabilities in correspon-
dence with low and high frequencies (5-9). Animal studies show
both types of oscillations in the efferent impulse activity of sympa-
theti( and vagal fibers (9) .
fhe norioscillatory components, comprising both deterministic
chaos and noise, are concentrated in the extremely low frequency
end of the spectrum, cannot be resolved with simple spectral
techniques and require specific approaches (4,9) .
The sum of these various components of RR variability-that is,
total power-corresponds to the variance (which is measured in
ms') or to standard deviation (which, being the square root value of
variance, is measured in ms) . Both variance and standard deviation
are therefore a time domain measure of heart period variability .
Intuitively, the absolute power (still in ms 2 ) of a given spectral
component cannot provide consistent information as to its relative
contribution with respect to the total power, although all compo-
nents are strongly correlated with total power.
Normalized units . Some form of n ,
;)rmalization is therefore es-
sential to permit an appreciation of the distribution of power across
the frequency axis (5-9) . Alternatively, the ratio between low and
high frequency components can be used . We have followed this
method of quantification of spectral components in a series of
human and conscious animal studies (5-9), in which various states of
the sympathovagal balance contro
:ang the sinoatrial node were
obtained with stimulations (increasing sympathetic drive : tilt, mild
exercise, mental stress
; increasing vagal drive : controlled respira-
tion) or autonomic blockade (decreasing vagal drive
: atropine ;
decreasing sympathetic drive : beta-adrenergic blockade, cardiac
sympathetic denervation) . Whenever this balance was shifted to-
ward a sympathetic predominance, the low frequency component
(in normalized units, nu) was enhanced (or the low frequency/high
frequency ratio was augmented)
. The opposite was never observed .
We have thereforee proposed that the normalized power (expressed
in nu) of low frequency and high frequency components could provide
a quantitative index of sympathovagal interaction modulating cardio-
vascular function, low frequency being the marker of sympathetic
activity (5-9) and high frequency the marker of vagal activity (3-9)
.
©1993 by the American College of Cardiology
951
Moreover, in several studies a clear reduction of low frequency Inn]
(and attendant increase of high frequency inul) has always been
obs' rved in healthy subjects during the night
(6), whereas the lack of
such a change from day to night was indicative of disease
(9) . Similar
day-night changes are also present in a frequency domain measurement
of baroreflex control of heart rate (3) .
In contrast, Goldsmith et al . (1)
did not show any significant change in low frequency between day and
night and did not even address this crucial point in their Discussion .
The use of normalized units may lead to a different interpretation
of results that we believe is more in line with physiology
(9), as in the
following example from a recent study (10) on healthy trained and
untrained subjects
. Subjects were studied at rest and during the
sympathetic excitation produced by passive tilting . Trained individuals
(n = 21) had a total variance of 4,591) ms' at rest and a low frequency
component of 1,652 ms 2 (54 nu)
. During tilt, variance was slightly
reduced (p > 0 .05) to 2,8 13, the power of the low frequency component
was unchanged in absolute units (l,538
11,S)
whereas it resulted in
clearly augmented normalizcd units (84 nu, p < 0 .05) . The low
frequency/high frequency ratio increased from 1 .6 to 12.0 (p < 0.05) .
Thus, increases in sympathetic drive could be well captured by the use
of normalized units (or the low frequencylhigh frequency ratio) .
Returning to the contrary view expressed by Goldsmith et al
. (1),
the problem of how "short term measures of low frequency power
. . . are . . . strongly influenced by sympathetic activity," while
"low frequency power calculated over 24 h in normal young
subjects is predominantly influenced by parasympathetic tone"
seems totally unwarranted .
At which point and on which grounds quantity (i .e ., length of
data) would invert quality (i .e ., shifting from sympathetic into
parasympathetic modulation)?
Given the strong correlation between total power and the power
of individual frequency bands (determined a priori) in the studies by
this group of investigators (1), it is likely that any single frequency
hand (if measured in absolute units) strongly reflects changes in
variance. Thus, for instance, the low frequency component, which
in normal individuals shows a clear reduction during the night (if
expressed in normalized units)
(6,9),
might instead appear as in-
creased if expressed in absolute units, in parallel with the nocturnal
rise of total variance .
It should also be considered that to provide a consistent recog-
nition of the rhythmic components in dynamic conditions (4).
specific algorithms are requested to extract the slow trends and the
very low frequency components, which may at times represent the
vast majority of the signal (see Fig . 2 of Goldsmith et al .
[1]) .
In conclusion, the descriptive statistical approach that, on the
basis of standard deviation (and now, probably, of total heart rate
variability), has provided fruitful results in clinical studies (II,
should not simply be transferred to the interpretation of frequency
domain, where an identification of rhythms and of their biologic
significance appears crucial .
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Our study tested the hypothesis that parasympathetic activity is
higher in aerobically trained than in untrained subjects . We used
high frequency power as one measure of parasympathetic modula-
tion and it was clearly higher in trained athletes . There is little
disagreement that respiratory sinus arrhythmia represents modula-
tion of vagal activity by breathing, and it is relatively easy to
measure by a variety of time domain (pNN50 or rMSSD) and
frequency domain (high frequency power, that is, power in the range
of 0.15 to 0.40 Hz) techniques . The extremely high correlation
among these measurements (1), despite the different mathctnatic
techniques used to calculate them, is a reflection of the robustness
with which they all measure the same underlying physiologic
variable, parasympathetic modulation of heart period .
Law AvIinelml poww"er and sympathetic activity . While there has
been Is mull agreement in interpreting high frequency power as an
index ., pamyrnpathetic modulation, there remains considerable
controversy about measuring sympathetic modulation of RR inter-
vals . Low frequency power has been proposed as an index of sympa-
thetic modulation . Unfortunately, when measured in the most straights
krward way ( na under the power spectral density curve), low
frequency pawns does not respond to a variety of stimuli in the way one
wodd expect of a pure measure of sympathetic tone . For example,
Pomeranz et al . (2) observed a roughly equal decrease in low frequency
power (-75%) in response to atropine and propranolol . This decrease
with atropine suggests that low frequency power contains information
about Prtrasympadetic
modulation.
In our study we demonstrated an
increase in low frequency power during the night when sympathetic
activity is low, compared with that during the day when sympathetic
activity is higher. Given this inconsistent relation between low fire-
quency power and sympathetic activity, low frequency power cannot
possibly be interpreted to reflect only symplatic activity . In response
to 1`99ani et al., who claim that we "did not show any significant
change in low frequency between day and night," we refer them to
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Figure 3, the legend and the text, which clearly describes the
changes in !ow frequency power between day and night. However,
this was not a crucial point in our study .
Two other examples demonstrate the incomistencies in the asso-
ciation between sympathetic activity and low frequency power . During
exercise, sympathetic activity is increased while low frequency power
is dramatically reduced (3). During the administration of low dose
scopolamine, a situation in which sympathetic activity should not
increase, low frequency power increases (4) . Therefore, low frequency
power cannot be interpreted to reflect orly sympathetic modulation .
Pagani et al. propose several methodologic manipulations on low
frequency power to assess sympathetic modulation, but their vali-
dation has been a posteriori-they act like, therefore they must be .
One such technique is the use of normalized units (nu), which refers
to expressing power in one frequency band as a ratio to that in
another band, or as a fraction of the total power. For example, the
ratio of low frequency power to high frequency power (LF/HF) has
been used by several investigators as a marker for sympathetic
activity . `rho interpretation of this ratio is principally based on the
response of low and high frequency power to head-tip tilt . Our own
unpublished data on healthy trained and untrained subjects agree
with those described by I'agani et al . However, the consistent
finding that the LF1HF increases with tilt does not lead us to
conclude, as do Pagani et al ., that LFIHF captures sympathetic
drive, because the changes in LF/HF accompanying tilt may reflect
the withdrawal of parasympathetic modulation as well . In addition,
LFIHF fails to track sympathetic activation under conditions such as
exercise . Our data are similar to those of Arm et al . (3), who could not
demonstrate a consistent relation in the change in LF/LIF between rest
and exercise.
Pagani et al . also use autoregressive methods in which the power
corresponding to certn :n toots lying in a particular frequency band
are used, rather than totiai power in that band . Unfortunately, the
means used to derive these measures have not been specified in enough
detail to allow us or others to faithfully implement them . Thus, it was
not possible to measure these alternative variables in this study .
Although their techniques are not clearly delineated, it appears that
when Pagani et al . use "specific algorithms . . . to extract the slow
trends and the very low frequency components" they have reduced
total power to a value not much larger than the sum of low and high
frequency power. The result of this manipulation of the data is that if
high frequency dower (nu) roes up, low frequency power (nu) must go
down and vice versa . The reciprocal change in low frequency power
(nu) and high frequency power (nu) is defined a priori by their
mathematical relation, not by physiologic data or theory .
Segment length and low friequvacy power. To eliminate any
confusion Pagani et al . may have derived from our statements on
short- and long-term measures of low frequency power, we can state
unambiguously that the interpretation of low and high frequency
power is not dependent on the length of the segment analyzed . In
fact, prior work by our group (5) has demonstrated that low and high
frequency power calculated by averaging the individual 5-min
segments in a 24-h recording were strongly correlated with low and
high frequency power calculated from spectral analysis of the entire
24-h recording (5) . There was variation in the 5-min power spectra
throughout the 24 h which probably results from changes in physi-
ology during the different 5-min segments (changes in posture may
play an important role), but the average values of the 5-min
segments were nearly identical to those calculated from the 24-h
recording. Thus, with regard to low frequency power, it is not the
length of the segment but the predominant physiology occurring
